This study investigated the incidence of and risk factors for central venous catheter (CVC) infection in intensive care. CVCs were prospectively studied in patients who had lines inserted in general or neurosurgical intensive care and were expected to have the line in situ for at least 72 hours. Catheters (n=119) were cultured for CVC-related infection (CRI; >15 colony forming units) and blood cultures done when indicated. CRI was identified in 32 (26.9%) catheters, CVC related bacteraemia in five cases (4.2%) and CVC related sepsis in none. After adjustment for duration of catheterization, independent predictors of CVC related infection were catheter insertion site, with jugular sites having the highest risk, and primary diagnosis, with neurosurgical patients at least risk.
With the possible exception of pulmonary artery catheters, central venous catheters (CVCs) have the highest reported rates of infection of all intravascular catheters 1, 2 . Data from North America indicate that non-cuffed central venous catheters used for the short-term account for 90% of all vascular catheter related bloodstream infections 3 . A multicentre Australian study found the relative risk of central venous catheter sepsis was 64 times higher than the observed rate of sepsis with peripheral vein catheters 4 . This presents a significant problem for the care of critically ill patients who are already highly susceptible to infection due to their underlying disease but require central venous catheters for administration of medications, fluids and blood products, as well as for haemodynamic monitoring.
A number of factors may contribute to the risk of central venous catheter infection. These include insertion site [5] [6] [7] , duration of catheterization [5] [6] [7] [8] , type of dressing 5, [9] [10] [11] , type of catheter 3 , type of topical antiseptic solution used 5, 12 and use of the catheter for total parenteral nutrition 13 . Other important factors are characteristics of the patients themselves, their underlying illness, level of immune compromise and antibiotic administration 14 . Reported risk factors for infection however, seem to vary a great deal amongst intensive care units as does the rate of catheterrelated infection.
We undertook a prospective study of all new CVCs inserted into patients in the intensive care unit (ICU), in order to identify risk factors for central venous catheter infection and to determine the rate of CVC related infection.
MATERIALS AND METHODS
Human research ethics committee approval was obtained for the study. As there were no interventions, requirement for written patient consent was waived. The study was conducted during a six-month period in the general (12-bed) and neurosurgical (eight-bed) intensive care units of a tertiary referral hospital. Patients eligible for the study were those who had a central line inserted in the intensive care units and who were expected to have the central line in situ for at least 72 hours. The catheter was the first or any subsequent inserted into a patient.
The catheters used in the study were multi-lumen and made of polyethylene material (Arrow International, Reading, PA). All catheters were inserted percutaneously using the Seldinger technique by ICU consultants or registrars in the ward area. Current ward protocols were observed prior to catheter insertion. This included washing hands and forearms for three minutes with antiseptic soap ("Hibiclens G", ICI, Melbourne, Aust.), drying with a sterile towel, gowning and gloving and preparing the insertion site by washing and drying the skin, then swabbing with povidone-iodine and alcohol solution and allowing two minutes to dry.
After catheter insertion the site was covered with a transparent adhesive dressing ("Tegaderm", 3M, St Paul, MN, U.S.A.). Dressings were changed twice per week, i.e. at the time of insertion and the third or fourth day after insertion. Preparation for dressing changes included removing the old dressing, donning a plastic apron, washing and drying hands and forearms and donning sterile gloves. Catheters were removed on day seven and, if continued central venous catheterization was required, a new catheter was inserted at a new site. There was provision for discretionary clinical judgement to leave the catheter longer than seven days. Data were obtained daily on inflammation of the catheter site, presence or absence of other invasive devices and the use of antibiotics. Blood cultures were taken as clinically indicated, i.e. suspected septicaemia, at the discretion of the treating medical officer at the time. Catheters were followed for the duration of their insertion, even if the patient left the intensive care ward. Data were also obtained on patient age, gender, primary diagnosis on admission (categorized as respiratory, cardiac, neurological or other) CVC insertion site, date of insertion and removal, whether it was the first or a subsequent catheter and reason for removal.
Microbiological methods
Prior to catheter removal the puncture site and surrounding skin were cleaned with 70% isopropyl alcohol. The catheter was withdrawn using sterile forceps by directing the external part upward and away from the skin so as to prevent contamination during withdrawal. The distal 5 cm of the catheter was cut off using sterile scissors and placed in a sterile tube for semiquantitative culturing 15 . In the laboratory each catheter segment was transferred to a 5% sheep blood agar plate and rolled back and forth at least four times. After 48 hours' incubation the number and identification of colonies grown on the plate were noted.
When blood cultures were indicated, 20 ml of venous blood was drawn from a peripheral vein following skin preparation with povodone-iodine solution. Using new sterile needles, 10 ml of blood was injected into each culture bottle (aerobic and anaerobic). The culture bottle stoppers were cleaned with 70% isopropyl alcohol prior to injection.
Definition of end points
CVC related infection: the presence of >15 colony forming units (CFUs) on semiquantitative culture. CVC related bacteraemia: isolation of the same organism (identical species, antibiogram, and plasmid profile) from the catheter tip and the blood.
CVC related sepsis: isolation of the same organism (identical species, antibiogram, and plasmid profile) from the catheter tip and the blood, with clinical sepsis of no other apparent source. The criteria for sepsis were presence of fever or hypothermia (temperature >38.3°C or <35.6°C), tachycardia (>90 per minute in absence of beta blockade), tachypnoea (>20 breaths per minute or mechanical ventilation) and either hypotension (systolic BP <90 mmHg or a sustained drop in systolic BP >40 mmHg in the presence of an adequate fluid challenge and the absence of antihypertensive agents) or two of the six signs of systemic toxicity or peripheral hypoperfusion 16 .
Statistical methods
The chi-square test for comparison of proportions was used to determine significant differences between categorical variables. A multiple logistic regression was performed to obtain an adjusted estimate of the odds ratios and to identify which factors were associated independently with CVC related infection. Variables entered into the model were those found to be statistically significant ( 0.05) on univariate analysis and those which were established risk factors from previous research reports. A backward elimination method was used. The criterion for leaving a variable in the model was a significant improvement in the log-likelihood function or if the variable was an established risk factor. CVC related infection was the dependent variable. Independent variables in the logistic regression model were insertion site, diagnostic group, duration of catheterization and season. The software package used for statistical analysis was SPSS for Windows Release 6.0 (SPSS Inc., Chicago, IL., U.S.A.).
RESULTS
During the study period 181 central venous catheters in 75 patients were assessed; complete data were obtained on 119 catheters. The patients studied were 60% male, had a mean age of 57 years, and half were neurosurgical patients ( Table 1 ). Of the one third (34%) of catheters with incomplete data; 18.2% of catheters were lost to the study in the ward transfer period, 11.6% of catheters did not have the tip sent, 2.2% of catheters remained in situ (coronial referral) and 2.2% of catheters were accidentally removed. A high proportion of catheters were inserted into either a subclavian or internal jugular vein. The mean length of time the catheter was kept in place was six days.
CVC related infection was found with 31 catheters (26.1%). CVC related bacteraemia was found with five catheters (4.2%). There was no incidence of CVC related sepsis. The unadjusted odds ratios of risk factors are given in Table 2 . These data suggest that CVC related infection is related to diagnostic group, insertion site and season of the year. Respiratory patients have at least three times the risk of infection compared with neurosurgical patients (P=0.02). Patients with CVCs inserted via the jugular vein have three and a half times the risk of infection compared to patients with a subclavian vein catheter (P=0.01). There was a trend for patients who received antibiotics to have less infection (23.8% vs 44.4%, P=0.07). This was not included in the regression analysis because it was not significant and there is a lack of clarity in the literature about the definition and influence of antimicrobial use. No significant differences were found for age, gender, total parenteral nutrition use, repeated catheterization or duration of catheterization.
The results of the multivariate analysis are broadly in agreement with the univariate analysis. The number of variables included in the model was limited by the small number of patients in the study.
Only the variables found significant on univariate analysis were included (diagnostic group, insertion site and season) with the exception of duration of catheterization which is an established risk factor. Season was removed from the model in the backwards elimination method as it was no longer a significant risk factor for catheter-related infection after controlling for insertion site, diagnostic group and duration of catheterization. The final model is presented in Table 3 . After controlling for duration of catheterization and primary diagnosis, use of a jugular insertion site has an odds ratio of 3.69 (95% CI 1.2-11.4) compared with patients with a CVC inserted into the subclavian vein. Patients with neurosurgical disorders were found to have an odds ratio of 0.3 compared with respiratory patients. However after adjusting for CVC site and duration of catheterization the 95% confidence interval widened. The risk for cardiac patients compared with respiratory patients was not significant.
Of the 32 cases of CVC related infection, more than half of all organisms found were gram-positive cocci ( who develop nosocomial bloodstream infection are at a greater risk of death than patients with comparable severity of illness without this complication 17 . In this prospective cohort study, the incidence of CVC related infection was found to be 26%. CVC related bacteraemia was 4.2%, but there were no cases of CVC related sepsis. This was observed in a study protocol which included insertion of CVCs only in the intensive care unit by senior registrars or consultants using the Seldinger technique, use of polyurethane dressings and povidone iodine antiseptic, third or fourth daily dressing changes and weekly CVC changes.
Rates of CVC infection have been found to vary widely between intensive care units from 2.5% to 70% 18, 19 . Reasons for this variation are unclear. Differences in patient populations, procedures and protocols will contribute to differing infection rates. Studies also vary in their scientific rigour. In many cases the patient dropout rate has not been reported, which may lead to either an underestimation or overestimation of line sepsis 3, 5, 6, 11 . A letter in Anaesthesia stated that when the culture rate was improved to 78%, the incidence of infected tips increased from 22% to 38%. The authors concluded that the previously low detection of infection was more to do with failure to send lines for culture than low true infection rates 20 . In the reverse scenario, it is also feasible that the catheter tips not being sent for culture are uninfected, which would have the effect of decreasing the detected infection incidence rate.
Up to 20 different risk factors for catheter related infection in intensive care patients have been reported in the literature 14 . These relate to catheter selection and composition, choice of insertion site, catheter insertion, care of insertion site, infusate and apparatus, patient characteristics and duration of catheterization. The relative importance of one risk factor over another is difficult to assess given that in most studies univariate analysis only has been performed and estimates of the risk of each factor after controlling for other factors has not been attempted.
We performed a logistic regression to assess the major determinants of catheter related infection in our patients and found that after controlling for duration of catheterization, the independent predictors of catheter related infection were insertion site and diagnostic group. In other words, central venous catheters inserted into the jugular vein were associated with approximately three and a half times the risk of infection compared with subcutaneous insertions. Neurosurgical patients had about one third the risk of infection compared with respiratory patients. While the observed risk for cardiac patients was not significantly greater, the variability of the data was large and the number of cardiac patients relatively small. The total number of catheters analysed arguably was modest, but the proportion of missed catheters which is rarely reported was clearly documented in this study and the number of predictor variables used in the multiple regression analysis was appropriate for the sample size.
The finding that a jugular insertion site is more likely to become infected than a subclavian insertion site has been reported elsewhere [5] [6] [7] . Reasons hypothesized for the higher infection rate in the jugular vein site relate to difficulty keeping the dressing in place, contamination with oropharyngeal secretions 167 
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Anaesthesia and Intensive Care, Vol. 27, No. 2, April 1999 and the presence of hair in the area 5 . A unique finding of this study was that neurosurgical patients are at less risk of catheter related infection than respiratory patients. These patients were predominantly in the neurosurgical rather that the general intensive care unit, but policies and protocols are standardized across the units and intensive care medical staff rotate to both units. In addition the study protocol was identical in the two units. Thus the separate unit was less likely to produce the observed difference in infection rates than differences in the severity of illness of the patient mix and reason for catheterization 6 . Compared with respiratory patients, those with neurological diagnoses managed in our intensive care unit are less likely to be mechanically ventilated and have a lower incidence of multiple organ failure; which may explain the lower incidence of catheterrelated infection. Duration of catheterization was not found in the multivariate analysis to add to the risk of infection. A recent Australian study suggested that there may be a marked increase in risk of CVC related infection in some patients with dwell times longer than five days 21 .
That study tested only for the effect of catheter type on infection and did not control statistically for other risk factors. However other multivariate analyses have shown duration of catheterisation to independently predict risk of infection 5, 6 . The negative finding in our study may be due to the practice within the units of routine replacement of CVCs every seven days or as indicated and the consequent low range of duration of catheter placement. However, there is some evidence to suggest that routine replacement of CVCs does not necessarily reduce the risk of infection 22 .
The finding that coagulase-negative staphylococcus was the most common positive catheter tip isolate is in agreement with many other studies and seems to support the current view that infection originates either from the patients own skin flora or that of medical personnel, or from hub colonization . 13 .
On the basis of the results of this study, the rate of CVC related infection could be reduced by basing practices on knowledge of risk factors, e.g. avoiding the use of a jugular vein insertion sites for CVCs especially in cardiac and respiratory intensive care patients. The high proportion of catheters with the positive isolate of coagulase-negative staphyloccoccus might also suggest that aseptic technique is an important risk factor which needs to be investigated. Studies to date, however, have not found an appropriate method for measuring this universally important risk factor.
